Introduction
A reliable bonding to ceramic restoration can be obtained by the association of factors as well as ceramic topography and chemical adhesion [1] [2] [3] . Regarding the surface characteristic, the silica-based ceramic can be easily modified by the hydrofluoric-acid etching (HF) which is able to create micro-mechanical retention by the selective dissolution of the glassy phase. 1. The further step is the silanization that takes care of the chemical adhesion between two different components (ceramic and resin) that need to be linked [2] [3] [4] [5] . When silane agent coupling is applied, multiple layers are forming in the ceramic surface, among these layers, the physisorbed and chemisorbed regions consists in loosely bound oligomers thus that can be easily hydrolyzed and affect negatively the restoration durability. Therefore, it was suggested to remove these outermost layers by hot air drying and rinsing with hot water [6] [7] [8] [9] [10] . The luting step is followed by the direct application of the resin cement in the inner etched and silanated ceramic surface. Some clinicians may omit using the adhesive resin to wet the surfaces. However, depending on the viscosity, the luting agent may not be able to fill in all the micrometric spaces (microretentions) created by the HF-etching. The aim of applying a low-viscosity material is to create an interlocking that affects the resin-ceramic bond [11, 12] , but these effects still require investigation. Another parameter is the choice of the luting agent, which may influence not only the bond strength but also vary in the degradation process [13, 14] . Regular restorative composite resin used as a luting agent can present some advantages over resin cement as well as degradation resistance and color stability [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] and can also compensate for little cracks or imperfections in the margins [24] . However, the viscosity of the composite resin is higher compared to resin cement, because of the higher filler content, which in turn might influence the ability to penetrated the microretentions of the etched ceramic. The purpose of this study was to assess the effect of wetting with adhesive resin before placing ceramic restorations with different luting agent, regular versus flowable composite resins. The first null hypothesis tested was that various treatments (etching, silane, wetting resin) do not affect the bond strength. The second null hypothesis was that the luting agent (restorative versus flowable) does not make a difference.
Materials and methods

Specimen preparation
Twenty slices (14 × 16 × 2 mm) of IPS e.max CAD (EMAX; Ivoclar Vivadent, AG, Schann, Liechtenstein) were obtained by sectioning CAD/CAM blocks with a slowspeed diamond water-cooled saw (Isomet, Buehler, Lake Bluff, IL, USA). The slices were crystalized in a ceramic furnace (Austromat 624; DEKEMA Dental-Keramiköfen GmgH, Freilassing, Germany) following the manufacturer's instructions. All the slices were embedded in an acrylic resin positioning base (Palapress; Heraeus Kulzer, Hanau, Germany) and polished with 400-and 600-grit silicon carbide paper under water cooling. The surfaces of all slices were then cleaned in an ultrasonic bath in distilled water during 5 min.
Surface treatments
Five surface conditioning methods were applied: E-5% HF-etching (IPS Ceramic Etching Gel, Ivoclar Vivadent, AG, Schann, Liechtenstein) for 20 s, rinsing with air/water spray for 60 s followed by post-etching cleaning in ultrasonic bath in distilled water for 2 min; E/S-5% HF-etching as above, silane (Silane, Ultradent, South Jordan, Utah, USA) applied for 20 s and air dried for 20 s, hot air dried at 60 °C for 20 s (with hair dryer at 10 cm-distance); E/S+-5% HF-etching as above, silane applied for 60 s, air dried for 20 s and hot air dried 60 °C for 20 s rinsed with boiling water for 15 s and hot air dried for another 20 s; S-no etching, silane for 20 s followed by air dried for 20 s, hot air dried at 60 °C for 20 s or S+-no etching, silane applied for 60 s, air dried for 20 s and hot air dried 60 °C for 20 s, rinsed with boiling water for 15 s and another hot air dried for 20 s.
SBS test
Specimens were then placed in a positioning device and a Teflon mold (Ultradent Jig, South Jordan, Utah, USA) containing a bonding area 0.04448 cm 2 
Statistical analysis
The mean bond strength and standard deviation were calculated for all groups. Statistical analysis was performed using multifactorial analyses of variance Two-way ANOVA. The Tukey HSD test was used to test the average values of all groups. The significance level adopted in all analyses was ≤ 0.05 (p < 0.05) ( Table 3) .
Results
All SBS means and standard deviation are presented in Table 4 . The comparison between groups where restorative composite resin was used as a luting agent showed higher SBS values for ES with adhesive, followed by E = ES+ with and without adhesive. No statistical differences were found between E, ES and ES+ when the adhesive was omitted. However not wetting with adhesive showed a significant decrease in bond strength for ES and ES + , while for E the values were not statistically different. When flowable composite resin was used as a luting agent the highest SBS value were obtained with ES and ES + with adhesive, followed by E. When the adhesive layer was not applied E, ES and ES + showed no statistical difference. The lowest SBS values were always obtained with S and S + regardless of the use of adhesive resin or type of luting agent. The comparison between the luting agents, revealed that for groups ES + with adhesive, ES and ES + without adhesive flowable composite resin yielded statistically higher results than restorative composite resin. When the adhesive was used, it was shown a continue adhesive gap, that was not clear in the groups without adhesive (Figs. 1, 2, 3, 4) . The failure mode was always adhesive, leaving a clean ceramic surface (Fig. 5) .
Discussion
The first null-hypothesis was rejected since the surface treatments affected the SBS values. The second null-hypothesis was rejected in part, as the luting agent had a significant influence on the SBS in groups ES+ with adhesive, ES and ES+ without adhesive. Etching alone and use of adhesive resin promoted similar bond strength, which can be explained by the micromechanical interlocking created by the luting agent or adhesive coat [25] . However, this work reaffirms the importance of associating the mechanical and chemical treatments to reach high bond strength as illustrated by E/S groups and application of the adhesive resin over the silanated surface to provides better infiltration into the irregularities of the etched surfaces [11] . On the other hand, Passos et al. [12] did not find better results when applying the adhesive coat before the luting agent because they used a dual-cure resin cement which is flowable by nature. When using more viscous luting agents, however, the low viscosity resin seems to be indispensable to wet the etched and silanized ceramic surface, infiltrate in the micrometric spaces and ensure the ceramic bond strength by micromechanical interlocking [11, 25] . The omission of this step probably generated an insufficient penetration of the luting agent in the micro porosity and consequently decreases the ceramic mechanical strength [26] . These empty spaces can be an area of stress concentration since the adhesive layer work like an damper [27] . The lower bond strength obtained by silane alone, regardless of the use of adhesive resin and type of luting agent, can be explained by the absence of micromechanical retention in the ceramic surface, showing that the chemical step alone is not sufficient to obtain high bond strength. Regarding the luting agent, the similarity in bond strength between restorative and flowable composite resin could be explained by the fact that in this research the authors did not used pressure during the luting agent application. Seating pressure during luting could promote a better penetration of the resin into the ceramic retention. This study is restricted to some materials and did not evaluated the longevity of the SBS, thus more studies are suggested to compare the luting agent degradation in the course of time.
Conclusion
Wetting with adhesive resin increases the resin-ceramic SBS to the etched and silanated ceramic surface. This is particularly important when using a restorative composite resin as a luting agent. Omission of wetting resin will result in better SBS to the etched and silanated ceramic surface when using a flowable luting agent compared to a restorative composite resin. 
